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' OF A SINGLE-STAGE IMPULSE TURBINE HAVING A
13.2-INCE PTICH-LINE DIAMETER WHEEL

By Ernest R. Chanes and L. Robert Carmen
SUMMARY

Efficlency  tests have been conducted on a singlo-stage impulse
turbine having a 13.2-inch pitch-line dlameter wheel and a cast
nozzle diaphragm over a rarge of turbine speeds from 3000 to
17,000 rpm, pressure ratlos from 1.5 to 5.0, inlet total temperatures
from 1200° to 2000° R, and Inlet total pressures fram 18 to 59 inches
of mercury absolute. The effect of inlet temperature and pressurs
on turbine efficlency for constant pressure ratlo and blade-to-Jet
speed ratio 1s correlated againat a factor derived from the equatlion
for Reynolds number. The degree of correlatlion indicates that tho
change in turbine efficiency with inlet temperature and pressure for

constant pressure ratio and blade-to-Jet speed ratio is principally
& Reynolds number effect.

IRTRODUCTION

An analysis was presented in reference 1 showlng that the
Reynolds number of the flow through a turblne may be represented as
a Tunctlon.of the ratio of the nozzle-box inlet total pressure to
the 1.1 power of the Inlet total temperature, the pressure ratio
across the turbine, and the blade-to-Jet speed ratio., Because the
turbine efficiency 1s generally presented as a functlion of blade-to-
Jet speed ratlo and the pressure ratio, the only new variable intro-
duced by consideration of the Reynolds number is the ratio of the
nozzle-box inlet total pressure to the 1.l power of the inlet total
temperature. This ratio, or Reynolds number factor, was used in
reference 1 to correlate the effect of inlet total temperature and
pressure on the efficlency of an exhaust-gas turbilne having an
11.0-inch pitch-line diameter wheel. In order to further substantlate
this correlation, efficlency tests, the results of which are presented
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in this report, were made at the Clevelend laboratory of the NACA from
January to April 1945 on a slngle-stage impulse turbine having a
13.2-1nch pitch-line .dlameter wheel, I''hese tests covered a range

of turbire speeds from 3000 to 17,000 rpm, pressure ratios from

1.5 to 5.0, inlet total temperatures from 1200° to 2000° R, and

inlet total pressuros from 18 to 59 inches of mercury absolute.

APPARATUS AND METHCD

The turblne tested wes a single-stage lmpulso type wilth a
symmetrlcal nozzle box having a sirgle radial inlet. The cast
diaphregm had 44 eirfoll-shaped blados with a nozzle argle of 24°
ard an argle betwoon the turblne axlis and the center lime of the
nozzle flow passage of 16°. The nozzle area was 19.8 square inchos.
The wheel had 144 buckets with 2 13.2-inch pitch-line dlameter, a

29
bucket height of 17 inchos, and a width of 0.6 inch. The buckots

wore walded to the wheel disk. Bucket-to-nozzle cleararnce was set
at 0,12 to 0.13 inch. A high-speed eddy-current dyramometer was
uscd to absord turblne power. A photograph of the test setup showirg
tho turbine mounting and the dyramometer is shown in figure 1.

Turbine spcod was mcasured with a chroncmctric. tachomutor. The
rost of the instrumontation and the hot-gas producer are describeod in
roforcnco 1.

The method suggested by the A.S.M.E. for estimatlng the accu-
racy of measurement of alr flow utilizling thelr orifice data givas
a probable error of +1.17 percent. Turtine shaft torque was measured
to the nearest 0.23 foot-pound. Turblne speed was accurate to
+]10 rpm. All pressure readings were taken to 0.05 inch of mercury.

A% each of three test corditions the speed was varied from 3000
to 17,000 rpm. The following table shows the approximate test con-
ditiona:
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HNACA
Pr.ssure ratio . Inlet total Inlet total
P1/pa pressure temperature
. - . - . "pi - Ti Il
(in. Hg absolute) (°R) .
1.5, 2.0, 3.0, 4.0, 5.0 26.5 1200
.- 1400
1600
1.5, 2.0, 3.0 - . 18.3 1800
26.5 1800
2000 -
54 .6 1800
42.8 1200
1800
1.5, 2.0 59.1 1200

=

Pg

Py

The results were caloulated as in references 1, 2, and 3.

SYMBOLS

scceleratlon due to gravity, 32.2 (£t)/(sec)?, or dimensional
constant, 32.2 (1b)/(slug)

mans flow of afr plus fuel, (slugs)/(sec)
turbine speed, (rpm)

static pressure of -turbine discharge at plenum chamber,
(in. Hz absolute)

totel pressure at nozzle-box inlet, (in. Hg abaolute)

gas oonetant for cembustion productg,‘(ft-lb)/(lb)(oF)
totel tempersture at mozzle-box inlet, (°R)

blade pitch-line speed, (fps) -

theoreticai jot speed, (fps)

woight Flow of alr plus fuel, (1b)/(sec)

turbine efficlency defined as ratio of shaft power to theo-

retloal power computed from total temperature and pressure
at tirbine inlst and static pressure at turblne discharge
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n' torbine efficliency defined as ratio of shaft power to differ-
vnce between theoretlcal power and kinetlc power where
kinetloc power corresponds to average axial oamponent of
veloolty at turbine discharge

Theoretical power ls computed from total temperature and pressure at
turb‘ne lnlet and statlic pressure at turbine exit. Average axial
component of turblne leaving velocity is computed by contlnuity equa-
tion uslng mass flow of gas and turblne-bucket annulus area.

RESULTS AND DISCUSSION

The tost ante and thoe results of the effsct of Inlet tempera-
turo and pressuro on the oftliclency of the turblne are presented in
table I. Flgure 2 gives the fuel-alr ratlo for various inlet total
torperatures.

Typical curves of the turblne efficlency 17 plotted against
the hladou~to-Jut spoed ratlo tor varlous pressure ratios and inlet
total tuomporaturvs und prsssures are shown ln flgure 3. Maximum
turbine cflicluncy occurrsed at a blado-to-Jet epeed ratio of approxi-
mrtcly 0.43.

Flquro 4 18 o croes plot of figuro 3 showlng the varlation of
turbine cffiolency with pressure ratlo, inlet total temperature, and
Inlet totel pressure for a blade-to-Jet speed ratio of 0.4. Addi-
tionul data token from table I are included. The turbine efficlency
reanches n moximum et a pressure ratlo of approximately 2.4, decreases
wlth an lnorsase in inlet total temperature, end lncreases wlth an
increese in inlet totael prees.re. The slope of the curves of effi-
clency nlotted against inlet temperature and inlet pressure on log-
arithmic paper with constant blade-to-jet speed ratlo of 0.4 was
-0.0722 and 0.0645, respectively, and the ratlio of thelr ubsolute
values 18 equal to 1.12.

The varistion of turbine efficlency with the Reynolds number

factor p%/&11'1 for various blude-to-Jet speed ratios and pressure

r:tios l!s shown in figures 5 and 6, which were obtained from cross
plots of curves slmilar to figure 3 for all the data shown 1ln table I.
The civrves for pressure rotios of 1.5 and 2.0 are separated i'rom thosge
for 3.0, 4.0, und 5.0 because overlup of the points would obscure the
rceults. The extension of the curves for pressure ratios of 3.0, 4.0,
and 5.0 was limited by the power-ebsorption cepasclty of the dynnmom-
oter. Good corrolation is obtuained with o maximum scatter of +1 per-
cent In efiiclency. This degrew of correlation 18 sufficient to
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ind2..ato that tho variation of turbilne efficlency with inlet total
tcmpuvawro and prossure 1s pr:lncipally a Roynolds number offect.

The ga.s-flow factor (Mt/Pi)‘v 8 Rb '1.‘1 is plotted a.ga.:lnst the
apeed factor N 'y519/T1 _ in figure 7 for various pressure ratios.

The gus-flow data are correlated on this plot with an accuracy of
*1.7 percent, .

Figure 8 18 a cross plot of figure 7 showing the variation of
gas~flow factor with preasure ratio. The gas-flow factor becomss
constent with reepect to the speed factor and the pressure ratio at
a pressure ratlo of approximately 2.4. No apparent significance is
attached to the fact that this 1s the same value of pressure ratio
at which maximm turbine efficlency occurs.

A plot of the efficiency ratio 7'/n against blade-to-jet speed
ratio is shown in figure 9. The data are correlated over a range of
irlet total temperatures from 1200° to 200C° R and inlet total pres-
sures from 18.3 to 55.1 inches of meroury absolute wlith an accuracy
of =0.5 porcent. The ratio 'n'/'n increases wilth pressure ratio and
decreases with blade-to-Jet speed ratio. The values of M' range
from 7 to 31 percent higher than the corresponding values of T.

CONCLUDING RFMARES

Tests on a singlo-stage impulse turtine having a 13.2-inch pitch-
line diametor wheel chock the results of similar tests on a turbine
with en 11.C-inch pitch-line diameter in showlng that for a constant
blede-to-Jet speed ratio and pressure ratio the effect of turbine
inlet total temperature and inlet total pressure on the turbine
efficiency 1s correlated by use of the ratio of inlet total pressure
to the 1.1 power of inlet total temperature. Because this ratio was
derived from the Reynolds numbor, the correlation obtailned is Ffurther
evidence that the effect of inlet total temperature and pressure on
turbine efficloncy is a Roynolds number effect.

Alrcraft Engine Research laborataory,
Rational Advisory Committee for Aeronmautics,
Cleveland, Chio.
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TABLE I. - SUMMARY OF DATA AND RESULTS

e v = ome .- . sm ke e =

Tnlet Inlet |Pres-|Turbine!Blade-|Turbine| Turbine |Gas
total total {sure |speed |to-Jet|ghaft efficliency|flow
pressure |temysr-|ratlo N speed |power | 4 Wy
Py ature |[p4/pg| (rpm) |ratio | (hp) 1 0t {(1b/
(in. Hg T1 wv sec)
absolute)| (C°R)
18.3 is0o (1.51 ! 3,070 10.113 30.2 10.270/0.291) 1.63
18.3 1.50 | €,1€60 .229 49.8 .451| .485] 1.63
18.3 1.0 § 7,610 .282 54.9 .497] .534} 1.62
18,4 1.51 9,070 . 334 57.4 .517| .554} 1.61
18.3 1.50 {10,570 .394 59.5 .553} .593| 1.60
18.3 i1.51 112,000 444 9.1 .541| .580| 1.60
18.3 l1.50 |13,200 | .493 | s7.2 | .531| .m69! 1.58
18.3 1.50 114,920 l 565 49.8 .467} .500{ 1.57
18.3 2.01 2,960 .086 44.2 .224| .246; 1.78
18.3 2.00 6,120 w177 79.6 .403, .441 1.76
18.3 ! 2.01 7,700 .222 91.7 ; .464| .506} 1.76
18,3 . 2.00 2,140 .265 99.6 .508| .5521 1.75
18.4 i 2.01 }10G,5C0 . 303 106.1 .539) .587] 1.75
13.4 | 2.02 112,000 { .546 111.8 .565| .613} 1.75
! 18.3 | 2.00 113,410 .589 112.0 .5761 .626) 1.75
16.3 ' 2.01 |14,910 431 | 112.7 .577; .626| 1.74
18.3 ! 2.0C ;16,900 .489 | 109.9 | .567! .614| 1.73
16.4 3.00 | 2,920 ! .069 { 55.8 | .1l84| .212} 1.80
18.3 3.02 6,060 142 | 103.7 .341| .388] 1.80
18.4 3.00 7,610 .180 : 124.4 .412} .466] 1.80
18.4 3,01 9,110 .2l4 | 138.5 .456| .515§ 1.80
18.3 3.01 ;10,550 .248 150.2 .495| .558] 1.80
18.4 3.01 i11,950 .281 160.2 .5281 .593| 1.80
18.3 3.00 I13,600 .321 167.4 .5h3! ,620{ 1.80
18.3 +3.00 {15,760 370 | 179.4 .594| .666] 1.79
18,3 3,02 {16,970 .399 | 176.0 .579; .650f 1.79
26.4 lzo0 {1.50{ 2,970 |0.136 42.7 |0.326]/0.352] 2.93
26.4 1.50 t 6,040 .276 70.6 .543] .585( 2.91
1 26.6 1.51 7,500 .341 76.5 .580| .622| 2.90
26.4 1.50 8,900 .408 76.7 .598] .643] 2.88
26.4 1.50 110,530 483 76.8 .B03]| .646] 2.88
26.3 .11.50 {12,080 651 )} 69.9 550 .591| 2.83
26.4 1.50 |13,480 .B815 58.1 .461] .493| 2.80
26.4 1.49 |14,980 { .688 57.9 .469| .502| 2.78
26.6 2.00 | 5,080 .10 64.6 .279) .307| 3.17

National Advisory Commlttee
for Aeronautics
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_ TABLE I. - SUMJARY UF DATA AND RESULTS - Continued
Inlet ]Inlet Pres-|Turbine {Blede- {Turbine| Turbine Gas
total total sure |(speed |to-Jet|shaft efflclency {flow
pressure |temper-jratlo N sneed. |power Wf
Py ature pj/pd (rom) |retic | (bp) 1 nt |(1v/
(in. Hg £1 w/'v gec
absolute)| (“R)
26.5 1200 12.20 | 5,970 |0.214 | 109.6 {0.473(0.516] 3.17
26.5 2.02 7,560 .269 | 126.9 5421 .592| 3.17
26,7 2.01 9,080 .32% | 134.8 .5811 .631| 3.16
26.6 2.01 110,520 .375 | 138.7 595! .,648} 3.18
26.7 2.02 ;12,040 .428 | 142.9 .6117 .665| 3.16
26.6 2.01 113,580 .A83% | 139.4 .602] 654} 5.14
L 2,02 114,920 L5311 136.4 .589; .540j 3.13
26.6 2.02 117,020 | .695 | 124.2 | .b41| .588] 3.10
26.6 Z.00 | 3,060 .0849 83.7 2344 ,269} 3.19
26.7 3.04 1 6,090 176 ' 149.4 417 .4721} 3.19
26.6 5.02 | 7,540 .218 | 171..7 .4801 .541| 3.19
26.4 3.02 9,140 .265 1 189.6 233 .599] 3.20
26.6 3.02 |10,500 .305 201.2 .566] .633( 3.19
26.5 3.04 {11,980 .346 211.7 591 .661 3.20
26.8 3,04 113,470 .383 | 213,7 .60%] .87681 3.20
26.7 3.04 |14,940 432 216.6 LB04| 674 3.19
26.6 3.07 ;16,9E0 480 | 214.6 197} .667| 3.18
26.5 £:05 | 3,030 . 080 20.8 211} 257§ 3.19
26.5 £,03 6,050 159 | 160.6 o721 L4431 3,19
2€.h 4.01 7,500 .198 | 186.6 434 .513¢ 3,19
26.5 3.99°1 9,000 .238 | 209.6 .489| .573}| 3.19
26.5 4,N2 110,560 .278 | 227.4 .5281 .616| 3.19
26.% 4.06 112,060 317 240.6 .555] .A46; 3.19
28.C 4,05 |13,540 .356 | 251.1 5801 675 3.19
26.4 4.01 14,990 .395 | 254.3 .592; ,687] 3.18
36.4 5.00{ 2,890 074 89.1 .185}1 .2401 3.16
26.5 4.97 { 5,960 .148 | 156.6 .327| .410] 3.16
26.5 S.04 ) 7,540 .187 | 189.6 3901 .487| 3.18
26.t 4.99 | 8,980 .223 | 212.3 .439] .5431 3.19
26.5 5.01 |11,980 281 | 245.4 .476] .584| 3.18
26.4 5.08 {13,530 .335 | 25h.7 .525| .6421 3.19
26.5 “_ 5.02 {15,030 .373 | _261.6 .539| .656] 3.19|
26.5 1400+ 11.50 | 2.980 [0.126 42.4 |0.298[0.322] 2.72
26.4 1.F0 | 6,050 .256 70.2 .497} .536! 2.70|
26.4 1.56 | 7,540 .31 77.5 .551) .,593; 2.69
26.4 1.50 | 9,030 .382 8l1.0 578} .622)] 2.68

National Advisory Committes
for Aeronautlocs
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TABLE I. - SUMMARY OF DATA AND RESULIS - Continued

Inlet . {Inlet |[Pres-!Turbine|Blade~Turbine|: Turbine Gaa
total total |{sure |apeed |to-Jet}shaft offliclency{flow
pressure |temper-{ratio N gpeed. |power W£
Py ature [py/pg| (rom) [ratic | (bp) |. n 2t |/
(in. Hg T1 ) u/v se0)
abaolute)| (CR)
26.3 1400 |1.50 {10,570 {0.447 B80.8 10.87910.623| 2.67
26.4 1.50 j12,06C 510 76.9 .557| .597| 2.64
26.4 1.50 |15,640 577 71.9 .527| .566| 2.861
26.0H 1.5G |14,96C ,632 62.4 .462% .495¢ 2.59
26.5 1.50 {17,030 720 49.4 .368} .395! 2.56
26.5 2.01 5,000 098 63.0 2491 ,273} 2.92
25.5 2.¢ G.0G) 198 | 111.3 L4101 ,481( 2,93
26G.5 2.01 | 7,480 24/ | 128.2 .50G) .Bbl} 2.92
26.6 2.02 { 9,020 295 | 140.3 .549| .597! 2,91
26.5 2.01 110,470 343 | 147.2 .F8l| .632| 2,91
26.6 2.0L |1L,96u 394 | 150.5 .600} .651} 2,89
26.4 2.00 }13,480 443 | 148.9 .300¢{ .651| 2.88
26.5 2.00 15,000 494 | 149.0 .600| .851| 2.87
26.4 2.00 }3.7,000 561 | 140.4 579} .613} 2.87
25.5 3.03% | 2,980 . 080 8i.4 .212| .243| 2.93
26.5 3.05 | 5,990 160 | 148.5 386G .138] 2.94
26.6 3. 08 | 7,000 200 V1747 L8261 611 2.95
26.6 3.06 | 8,950 238 | 194.4% 500! .562) 2.95
26.% 3.03 110,490 .28C | 209.3 LE441 (610 2.93
25.5 5.05 {12,01C .321 | 219.6 ,L67] .68365] 2.95
26.5 3.03 |13,450 W36C | 2241.7 580} B850 2,95
26.5 3.02 }14,990 L4001 | 235..8 599 671 2,95
26.6 3.04 |17,020 455 230.4 597 .BRTI 2,94
26.° £.0C | 3,000 L0735 39.4 JA65) 234 2,94
26.5 +.02 | 5,960 A4k | 1805 L3451 412} 2,93
26.5 4.00 { 7,510 ,183 | 189.5 408 .483] 2.93
26.5 .0 | 9,0M0 .218 | 212.8 L4561 .537}1 2.93
26.6 «.00 [10,°00 256 |1 230.6 .496) 581! 2.94
26.6 4.01 |11,950 .292 244.5 LE25%] .B99) 2.94-
26,5 4,03 {13,470 .32% 256.8 549 .640) 2.95
26.6 4,04 114,990 364 | 264.8 .565] .657| 2.95
26.6 "14%.02 17,060 |- 415 262.9'{ .578] .67} 2.94
26.6 B8 | 2,970 DRG B&.8 L1671 .219| 2.98 ;
26.% 5,05 { 6,020 133 | 163.0 .308] .392] 2.96
26.: £.96 | 7,500 172 } 191.8 356} .459f 2.95
26.8G 5.09 | 9,020 .20 216.3 .408} .510] 2.95

National Advisory Committee
for Aeronsutics
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TABLE I. ~ SUMMARY OF DA.TA.AND RESULTS - Continued

10

- s :
Inlob rZLr:nlerl'. Ires-|Turbinu { Bluads-- {'furbino| Turbine Gas
total total |sure |speed (to-Jot|shaft offliclency |flow
prosegiae |toumpor-lratio N 8pced |power L%

D, aturo |py/pa| (rpm) |ratio | (bp) n ' (1b/
(tn. Bg | ‘1 u/v ' sac)
absolute)| (°R)

26.5 1400 ]5.04 {10,520 {9.241 | 237.7 ]0.449|6.557! 2.95
26.5 , 5.05 {12,010 | .275 | 255.4 | .483| .594| 2.96
26.6 ! %.05 |13,500 | .309 | 267.0 | .504; .613]| 2.95
2G.5 | 5.03 |15,020 | .344 | 277.2 | .526| .643] 2.95
| 26:.h ¢ 15.06 |16,940 | .387 | 285.9 } .539) .660 2.95
26,75 | 1s:0 (1,50 | 2,977 i6.117 42.3 {0.277|0.299! 2.54
5.0 | 1.50 | 5,970 | .235 7..9 | .4731 .R10!| 2,52
2h.: 1,57 ¢ 7,500  .208 79.8 ~ .528; .59/ 2.52
a8.4 | i1.50 | ©,u5C | .3%A | 8i.1  .56L; .603| 2.51
5.4 1.49 {10,500 | 413 8i.9 | .573] .616] 2.49

I 26,5 1.50 |11,969 | 473 82.0 | .552| .52 2.48

- DD L.5G }i%,250 | 531 80.3 | .547| .586] 2.45

L 2s.n 1.57 15,030 | .593 7.4 | &RT| .522) 2.43

26,4 1.4y {16,970 | .87% 61.2 | .425| ..156{ 2.42
20.4 2.03 | 2,950 | .oen 63.5 j .232 ,255| 2.72
23.3 2.0L | 6,030 | ,185 | 1Li. | .4231 .463] 2.71
22,1 2.02 : 7,nt. | 231 | 13L.% | .4u9| .533] 2.70
25,k 2.00 | 2,970 | 276 | Ll&i.3 1 JR341 502| 2.73
26.6 2.02 {1,430 | .320 | 1583.6 | .5ACy .B1C| 2.73
26,4 2.C2 |11,920 { .585 j 160.3 ' .59u| ,642| 2.71
25,3 2.0l |13,:70 | .13 | 12.2 | .BCl| .854) 2.71
P 264 2.01 {15,01¢ | .460 | 160.9 ; .5981 .6491 2.70
26.3 2.02 |{17/,050 | .21 | 15,9 | .578] .628] 2.69
26.3 5.05 ; 3,01¢ | .075 83.0 . .201; .232{ 2,74
25.4 3.02 | 6,000 | .150 | 150,53 i .362] .413{ 2.77
26.5 2,04 { 7,5LC 1 .187 | 172.9 ; .430| .487{ 2.75
28.4 3.02 | 9,040 | .226 | 18B.7 + .481| .543) 2.76
26.8 3,05 |10,480 | .262 | 216.4 | .520| .585| 2.77
25.5 3.05 {12,000 | .299 | 229.9 ! .554| .622| 2.75
258.5 3.06 |13,460 | .335 | 237.9 ; .570] .640| 2.76
28.5 3.05 §12,980 | 574 | 243.7 | .586] .657{ 2.76
26.6 3.0 {17,720 | .:21 | 245.3 | .489; .86l| 2.75
26.5 £.62 | 3,05C | .069 90.3 | .181) .220| 2.74
26.4 .02 | 5,950 | 135 | 160.6 ‘ .322( .385] 2.74
26.3 4.03 | 7,470 ] .1.69 | 189.&6 | .379i .45L| 2.74
i 26.% 4.02 | 5,980 | .204 | 214.7 | .428] ,507] 2.75
26.% 4.03 110,550 | .239 { 237.0 | .274} .557| 2.74
26.5 4.03 {11,960 | .271 | 252.3 | .505| .592{ 2.74
26.5 £.03 | 13,500 | .306 | 263.4 | .527| .617| 2.74

 Hational 4dvisory Committee
Tos Aeronpautice
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TAELE I. - SUMMARY OF DATA AND RESULTS - Continued

Inlet Inlet |Pres-|{Turblne;Blade- |Turbine| Turbine Gas

total total |swre [speed |[tco-Jet |shaft efficlency{flow

presaure |btemper-|ratio N speed |power W
' ature |py/py| (vim) |ratio | (hp) n n' 1/

(in. Bg Ty u/v gec)

absclute)| (°R)
26.£ 1800 }4.04 |14,930 |0.338 | 271.7 |0.543}0.633] 2.74
25.5 .02 3,020 .ORL 91.2 162} .212]| 2.74
2h.5 .02 6.010 128 | 164.8 .2931 .373] 2.74
26.% .00 | 7,490 180 § 195.5 .3:8] .438| 2.7«
25,5 .04 | 8,952 .191 | 221.1 .3921 .490) 2.74
2.y 5.06 14,00 .224& | 244.: 432 F37] 2.74
ah .G 5.05 }11,990 .28 264.5 438( 579 2.74
26.4% 5.04 113,010 . 287 277.6 492 .85, 2.7+
26.2 £.06 {1z,910 .31€ 283.0 5021 .61} 2.73
26.8 5.11 J16,910 | .366 | 292.8 | .517| .63i| 2.73
26.= 1800 [1.50 | 2,980 TSI} "1373|1.265(0.292| 2.59 |
23.:x Pl.h0 | 6,040 . 2258 75.8 .250] .95, 2.38
a4 j1.50 7,010 .279 82.5 LSlip JBB3y 2.35
28, 11.50 9,000 i 87.8 .553) ,59%] 2.35
26.: 1.50 16,450 .390 88.2 5631 68051 2,3:%
2%, 1.5G 11,930 b 83.1 L858 .Rg7! 2.3%
Z2E.5 1,46 113,250 504 85.9 S s8:l 2,31
] 1.50 {14,960 .558 80,2 L21) 559 2.30
26. 1.50 116,950 .B30 67.0 A .-1:67| 2.28
2C6.0 2.1 2,970 .086 63.9 .22/ .243i 2.59
26.+ 2.01 6,000 173 | 114.5 .3951 .43%; 3.99
26.5 2.01 7,510 217 135.2 L4631 .BLOl 2.59
26.% 2.01 | 9,012 .260 | 148.9 514] .562] 2.53
26.5 2.01 {10,492 305 | 159.5 L5501 LF991 2.58
26.5° 2,00 11,983 347 164.1 5731 .E23) 2.57
26.50 2,01 |13,460 L339 ! 188.0 581 .8335| R.57
26.4& 1.92 (15,000 g %1 187.5 587} .64N) 2.56
28.4 2.01 {16,970 .490 | 167.1 £F821 ,632) 2.5hH
26.6 3.0L { 3,010 Q71 23.1 e/t 216y 2.83
26.5 3.03 8,020 41 | 152.9 .3:2] 391! 2.83
26.% 3.01 7,470 176§ L76.6 4021 .458] 2.63
26.5 2.99 g,08) 214 | 205.9 4358, .F27. 2,63
2¢&.6 3.02 (19,57 249 223.3 504 5581 2,63
25.5 3.00 112,100 . 288 ! 241 .+& .543) .B1A| 2.81
25.5 3.00 113.64%0 .322 2h3.0 .B731 .64:) 2.62
2R.% 3,01 115,070 « 350 261.0 591} .665] 2.61
26,4 2.98 |18,9520 -400 : 261.8 600} .672] 2.81
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| tniet Inlet ;Pres-|Turbine|Blade-|Turbine{ Turbine |Gas
total total |sure |speed |to-Jet{shaft oefficlency|flow
pressure |temper-jratio N speed |power Wy
P1 ature {py/pyl (rmm) |ratio | (my) n n' (1)
(in. Hg Ty w/v gec)
absolute)| (°R) ’
26.5 2000 11.50 | 3,000 |0.106 43.5 |0.25410,276] 2.28
26,1 1.50 | 6,030 | .213 75.3 | .441; .476| 2.27
| 26.4 l.50 | 7,510 } .2566 84.5 | .500) .538| 2.25
26.4 1.50 | 8,990 .518 90.1 .536| .577) 2.25
26.4 1.50 |l0,470 | .37C 92.9 | .555| .598] 2.2%
26.4 1.850 112,020 426 9l1.9 83| 594 2,23
26. % 1.50 }13,509 JATT 92.6 5587 ,599, 2.21
26.4 1.50 {1%,932 .527 8&.6 .523} .561; 2.20
26.: 1.5C 115,990 . 800 76.2 .485] .500) 2.17
26.5 2,01 | 3,000 { .082 65.1 | .212) .234| 2.45
26.5 2,01 5,970 1683 { 117.0 .381| .418! 2.45
26." 2.01 7,490 . 205 137.86 448! ,490] 2.45
26.5 2.01 8,990 .246 | 150.9 .490, .536| 2.45
26.4 2.00 }1G,190 .28% | 163.1 557, .585] 2.44
26.6 2.02 (12,020 | .328 | 171.1 | .557: .606] 2.44
26.4 2.00 113,700 376 | 177.0 .582! .B634] 2.44
28.5 :2.01 114,96C .409 | 177.5 .5821 .634] 2.45
26.5 12.00 16,980 | .465 | 174.4 | .579| .626] 2.42
25.5 3.02 | 2,990 | .067 83.1 | .178; .206{ 2.48
26.5 3.01 6,020 -135 154.1 331 .378] 2.48
26.5 3.02 | 7,490 | .167 | 182.3 | .390| .4431 2.48
26,5 3.02 8,990 .200 205.5 .459| .498] 2.48
26.5 3,02 |10,510 | .234 | 227.3 | .486; .549] 2.48
26.4 3.00 {12,000 | .268 | 241..8 .519| .585) 2.48
26.5 3.02 {15,510 | .301 | 254.1 | .544, .6l2| 2.48
26.5 3,04 |15,05C | .335 |-263.3 | .561| .632] 2.48
___26.6 3.02 17,000 | .379 | 267.4 | .572| .642] 2.48
34.6 1800 [1.50 | 3,080 ]0.115 | 58.8 [0.275)|0.298] 3.16
34.6 1.50 | 6,080 | .228 99.9 { .471] .508} 3.14
34.6 l.s0 | 7,560 | .281 | 111.0 | .526] .567; 3.11
34.5 1,50 | 9,080 | .338 | 118.1 | .559| .602| 3.12
34.5 1.50 {10,470 | .390 | 121.5 | .581} .625| 3.09
34.5 1.50 {11,960 | .446 | 122.0 { .589| .633} 3.07
34.5 1l.50 {13,570 | .505 | 118.1L | .571] .613| 3.05
34.5 .42 {15,020 .562 ; 110.9 .548| .589] 3.02
34.5 1.50 (16,830 | .629 96.2 | .479; .514| 2.99
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"7 77 TABLE I. ~ SUMMARY OF DATA AND ‘RESULTS - Oontinued
Irlet Inlet (Fres-|Turbine{Blade-|Turbine| Turbins Gas
total totsl [sure [speed |[to-Jet|shaft efficlency {flow
cregsure |tempenr~ ratic N speed. |power Wt
Py ature Pi/Pd (rpm) {ratio | (bp) n n' |(1v/
(1n. Eg Ty u/v : gec)
abasolute)] (C°R)
34.R 1300 (2.00 | 3,020 ]0.087 85.0 {0.224]0.2471 3.40
34.7 2.00 | 6,000 §{ .174 | 153.5 | .404( .443; 3.40
34.7 2.90 7,550 .219 179.2 LA741 .5181 3.40
3,7 2.00 | 9,040 | .262 | 200.2 | .528| .576] 3.40
xi.7 2.00 {10,470 | .306 | 214.6 | .565) .616] 3.40
3.6 2.00 {12,000 . 348 222.6 590! .644] 3.39
3e.7 2.90 13,559 . 3935 226.7 .609I .6631 3,37
34.8 1.99 (15,140 239 230.9 .,615| .669} 3,37
34,8 2.00 }16,980 . 492 229.9 .612} .665{ 3.38
3i.7 3.01{ 2,960 | .070 | 107.9 { .187| .215| 3.42
3.7 3.0L | 6,000 | .141 | 202.0 | .349) .399] 3.43
3456 2.98 7,520 .178 239.3 ALT7] L2474 3.42
| 3.7 3.00 9,020 .213 270.4 .%68| .530| 3.43
P L 3.01 {10,510 | .248 | 298.4 | .516; .58l 3.43
5.7 2.99 |11,970 | .283 | 314.6 | .545] .61l4| 3.43
3.7 35.00 113,480 .518 331.8 5751 .B&5] 3.42
3.7 ! 5.00 {15,060 .55 34t 2 5961 ,669) 3.42
347 _ 5.0L 116,930 | .%99 | 351.2 | .610! .6683] 3.4l |
£276 1200 [I.497| %,010 [0.139 | 70.1{0.336]0.364] L.74
42,7 1.49 | 6,020 | .277 | 113.8 | .549| .590| 4.70
2.5 1.48 7,600 .553 124.3 .611} .B58] 4.69
2,8 1.49 | 9,080 | .419 | 128.5 | .826) .675] 4.66
2.0 1.48 110,610 .492 125.9 .A22| .667] 4.64
+2.7 .49 {12,090 | .557 | 119.0 ; .584) .626| 4.61
42.5 1.49 }135,530 | .624 | 103.5 | .517} .554] 4.54
2.5 1.49 {15,29C | .698 91.5 : .4Bl| .:94| 4.53
2.8 1.49 |16,340 .779 68.1 JBATY J3T3| £.47
42.8 1.99 | 2,96C | .106 | 103.6 ! .275] .303§ 5.13
42.3 1.99 | 6,120 | .219 | 188.8 | .5C2] .548] 5.13
42.8 i.e9¢ | 7,500} .268 | 212.3 | .B64} .61i| 5.13
42,0 2.00 | 9,050 | .322 | -229.4 | .e08] ,660| 5.13
42.8 1.99 {10,620 | .580 | 239.0 { .6£0f{ .696| 5.10
2.9 2,00 |12,000 | .428 | 243.7 | .649] .704} 5.10
12,7 1.99 |13,960 . 285 242.0 .649] .705| 5.10
2.8 1.99 15,000 | .536 t 237.3 | .638| .891{ 5.07
“2.8 | 2.00 {16,910 ;: .503 ! 225.0 | .600; .552] 5.05
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TABIE I. - SUMMARY OF DATA AND RESULTS .- Continued

Iniet Inlet |Pres-|Turbhine |Blade-- |Turbine| Twrbine Gas

total total sure |speed |to-]Jet|shaft efficliency {flow

presg-we |bomper-fratio N speed |power Wy,
Py aturs pi/Pd (rum) |[ratio | (bp) n n' |(1b/

(in. Hg | *i W/ sec)

abaolute){ (°R)
42.9 1200 12.99 | 2,990 |0 087 | 133.5 {C.234{0.268] 5.16
2 L 3.00 6,030 i 245.8 .427] .483| 5.15
2.9 2.98 | 7,490 218 | 281.1 .49%; .556) 5.16
12.9 2,98 | 9,050 | .26+ | 311.8 550 .617} 5.15
2.8 2.96 {10,560 j .308 | 335.1 .591) .660| 5.16
42.9 2.99 [11,940 ; .348 | 351.6 .618{ .689| 5.15
12.9 2.98 {15,540 . 395 358.2 .B30) 701} 5.15
42.8 2.98 {14,870 =33 363.4 6391 .711] £.15
42,8 | 12.98 |16,840 | .495 | 364.8 | .641) .715| 5.15
42,7 1860 " T1.497178, 520 0003 T 69.4 1n.272[n 2957 3.81
42,8 1.9 | 6,050 | .227 | 119.7 471} 507 3.83
12.8 1.49 } 7,800 § .282 | 134.5 .533] .574) 3.81
42.8 1.49 | 9,010 | .330 | 143.4 567} .609| 3.79
12.6 1.48 16,470 | .595 | 146.3 .588} .632| 3.77
42,7 1.29 }11,920 AL 143.5 .576| .619] 3.75
12.6 1.49 13,560 511 139.5 5651 6061 3,73
12.6 1.49 115,050 567 129.6 531 .569] 35.69
+2.9 2.90 3,050 . 068 106.0 ,229{ .252] 4.1%5
12.9 2.07 6,03C 175 190.3 .=09] .448) 4.17
42.7 ‘ 1.29 | 7,:10 .215 | 220.2 476] .521) 4.16
12.9 ! 2.00 ) 8,970 | .260 | 244.4 .526) .57=] 4.15
i2.8 2.00 {10,540 | .305 | 263.1 .567] .B17] 4.15
42.9 2.00 {12,300 | .356 | 280.0 | .804| .B657| 4.15
42.7 2.00 |13,660 | .396 | 282.2 .612] .666] 4.14
£2.8 2,00 {15,170 | .439 | 28B.0 | .623| .676) 4.14
i2.7 2.00 |16,97C | .492 | 281.9 | .614| .666f 4.13
12.8 3.00 | 2,950 |* .070 | 134.3 192} .220] 4.16
42.9 2.99 | 6,000 | .1i2 | 246.8 | .353]| .400] 4.17
+2.9 2.98 | 7,460 | .176 | 291.2 L416) .470) 4.17
£2.8 3.00 ) 8,980 | .212 | 331.5 .472) .532] 4.17
42.9 2.98 10,490 | .248 | 357.8 | .512| .575{ 4.18
42.9 2.99 |12,110 | .p86 | 382.1 | .515| .612] 4.18
42.8 2.98 113,572 | .321L | 402.C | .575f .642] 4.17
42.9 2.99 |15,000 { .354 } 410.1} .586{ .655] 4.17
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Inlet Inlet |Pres-|{Turbino|Blade-)|Turbine{ Turbine Gas
total total |sure |[speed |to-Jot|shaft ‘efficiency|flow
preossure !tempor-iratio N gpeed |power Wy
Py  |ature {py/ps{ (rmm) |ratio | (up) . n' |(1b/
(in. Hg Ty u/v . sec)
absolute)| (°R)
5¢.1 1200 (1.49 }| 3,070 {6.141 | 100.0 {0.341)0.3569| 6.60
59.1 1.49 1| 6,000 .278 | 165.6 .567( .611| 6.59
5¢.2 1.50 { 7,440 | .341 | 181.9 .619} .667| 6.56
t9.0 1.19 1 8,920 213 | 187.4 .645! .696]| 6.54
5.9 1.49 |1C,460 .82 | 185.7 .647| .696{ 6.50
56,8 1.49 111,970 .55 | 175.7 .619| .665] 6.47
79.0 1.4S 113..80 .22 | 150.5 .539| .578) 6.35
5£,9 i.49 115,010 .69s | 135.9 .492| .528}) 6.31
5¢.0 1.19 }16,990 .782 92.6 .333] .358] 6.27
59.1 1.99 | 3,000 | .107 | 14%.0 .278] .306; 7.06
9.1 1..99 { 6,025 .216 | 256.6 .=98{ .44} 7.05
5¢.1 1.99 1 7,440 .268 | 293.6 .69 6207 7.04
0.2 1.93 | 9,006 .321 | 317.2 .B1l4l .667] 7.03
59.0 1.9v 10,000 376 | 332.3 6471 .703) 7.03
503 L.99 [12,100 .33 | 338.2 .57 .712! 7.03
59.2 1.99 | 13,560 .85 | 336.1 B85 .710; 7.00
5.1 1.99 {15,060 538 | 329.6 .642} .696] 7.00
59.2 1.9¢ L16,9-5,0 L_.SDE 305.3 .595] .847| 6.98

Natlonpal Advisory Committee
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Figure 2, = Variation of fuel-air ratio with temperature.
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Figure 3.- Variation of turbine efficlency with blade-to-jet speed ratio for various pressure
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